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HIGH INTENSITY LIGHT SOURCE SYSTEM MODIFICATION EFFORT

STATEMENT OF WORK

06! DA

Purpose

This modification is proposed by [ |to bring the performance of the HILS | 25X1
System into conformance with goals established by the customer at a final design review
conference held April 24 through 26, 1972. While the HILS System generally meets
the requirements of the Design Okjectives, several aspects of its operation not pre-

viously specified are felt to need further refinement.

25X1 |:|will perform the following tasks: ‘

1. Tracking Modification

Design, fabricate, assemble, cmd test modifications to the electronic drive
amplifiers to provide more precise tracking of the HILS with the microscope bridge. The
dynamic tracking lag experienced during high speed manual bridge operation will be re-
duced, the goal for this effort will be to maintain the HILS positioned within £ 3/8 inch

of the nominal rhomboid position during all normal bridge operations.

Analysis, testing, and subsystem operation will be performed to assure that the
present low speed tracking accuracy of £ 1/8 inch will be preserved, and that the existing
features of smooth acceleration and controlled response of the HILS assemblies will be

maintained.

2. Cooling System

Design, fabricate, assemble and test a modified HILS cooling system. The goal
of this effort will be to further reduce the exhaust air sound level and temperature while

maintaining the present level of cooling of the HILS and light trays.
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3. System Testing

Run the system for a period of three weeks in an operational mode to establish
reliability of the electronic and mechanical elements prior to delivery. Present to the

customer a detailed list of failures and corrective action taken.

4. Delivery and ATP

Provide installation and checkout at the customer's facility, and assist in

performance of the final ATP. Services to be provided by 25X1

5. Schedule

The schedule for the completion of above tasks is six (6) weeks from receipt

of approval.
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VISUAL PRESENTATION OF INFORMATION

COMMON SIGHTS
100000

Yo --UPPER LIMIT OF VISUAL TOLERANCE ‘-

Pt

'°°°°“~Nsw SNOW ON CLEAR DAY OR UPPER SURFACE OF CLOUDS AT NOON

-AVERAGE SKY ON HAZY DAY AT NOON
—AVERAGE SKY ON CLEAR DAY
1000+ AVERAGE EARTH ON CLEAR DAY

- AVERAGE SKY ON CLOUDY DAY

100 -1-AVERAGE EARTH ON CLOUDY DAY

-WHITE PAGE IN GOGD READING LIGHT
10

I WHITE PAPER 1§t £9GM ORGINARY CANDLE

APPROXIMATE BRIGHTNESS {mtL)

0171 AVERAGE CHART 47 LOWEST READABLE BRIGHTNESS LEVEL
0.0 SNOW IN FULL M‘mf‘ [DAY VISION (cones) ] '
0,001 AVERAGE EARTH IN FULL MOON 2-} 9 |
0.0001
0.00001
0.000001-{ ", 5 c¢

and no rods. Because the cones are insensitive
to twilight or night conditions, foveal vision
is not effective in seeking out dim targets after
dark. But, as the angle of view from the fovea
is increased, the concentration of rods be-
comes denser, and night vision is enhanced.

When you want to see something in or-
dinary daylight, you turn your eyes toward
it—you point your fovea toward it—Dbecause
this is the most sensitive part of the eves in
daylight. At night—when the illumination ‘s
below that of about full moonlight—this part
of the eye is almost blind, and you cannot sce
faint targets at night by looking directly at
them—you must look slightly away from
them.

64

.

The curves of Fig. 2-20 (Mandelbaum and
Sloan, 1947) show acuity of different parts of
the eye at different levels of brightness. Zere
on the abscissa scale corresponds to the fovea;
the other numbers correspond to different an-
gular positions toward the side away from
the nose (temporal angles).

Note from Fig. 2-20 that, at high levels of
brightness, the central part of the retina has
the best acuity, and that acuity decreases as
the temporal angle increases. When the bright-
ness is a little less than 0.04 mL, acuity in
the central part of the retina is not as gooc
as acuity about 4 deg away from the fovea
Also, at lower levels of brightness—the cqui-
valent of a dark, moonless night—acuity i

§2.2.2

Human Engineering Guide to Equipment Design, Mc Graw =Hill




24

Approved For Release 2005/02/17 : CIA-RDP78B05171A000400020028-1

THE BRIGHTNESS PICTURE

Brightness can be the overriding factor
in a decision of whether or not to use
solid-state displays. Present LED’s don't
put out much light. Fortunately, many of
the most important man-computer dis-
plays don’t require much light.

The picturegraph to the right stacks
up the brightness levels of various envi-
ronments against the brightness levels
of various light sources. Up is bright;
down is dark.

The brightness unit is the foot-lambert
(fL), which measures how bright sur-
faces appear to humans. It is analogous
to the decibel, which measures how loud
sounds seem. Like human hearing,
human vision takes in quite a dynamic
range. going from 10-¢ at which surfaces
are too dark to see up to 10+ above
which the eye may be harmed.

Most of the surfaces from which we
gather visual intelligence have bright-
nesses in the 1 to 100 fL range. This
page probably has a brightness some-
where between 10 and 40 fL.. But, in the
subdued light of a motion-picture the-
ater or in your auto at night, the screen
or dash can transmit intelligible symbols
at brightnesses ranging from 0.01 to 5
fL.

LED’s, it can be seen, are substantially
less bright than most previous light
sources. They have surface brightnesses
in the 1 to 300 fL range as compared to
neons midway between 100 and 1000
and small incandescents going from
1000 to 10,000. Some recent GaAsP
LED's are showing brightnesses of 1800
fL but it must be remembered that the
light is coming from a very small area.

BRIGHTNESS IN FOOT-LAMBERTS
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An Equilibrium Thermal Model for Retinal Injury from

Optical Sources

A. M. Clarke, Walter J. Geeraets, and William T. Ham, Jr.

A uniform absorption thermal model is deseribed which allows the ealenlation of the temperature rise

in the retina due to steady state or continnons optieal irradiation.
found to correspond to the production of threshold lesious,

Tenmperature rises of 9-10°C are
For a worst case approximation, a power

of 1-2 mW entering the eve and focused onto a 10-u4 diam area for 250 msee or longer can be shown as

sulficient to cause irreversible damage.

Introduction

The recent advances in the state of the art in the
production of continuous Jaser devices have led to a
growing coneern over just what level of intensity can be
considered hazardous to the eye.t?

Data on the production of threshold nrevexslble
lesions are available for a wide range of exposure
times.'"® TUnfortunately, the difficulty in properly
observing extremely small lesions (less than 100-u
diam), puts this size range in a very critical region
of observation.?

Several investigators have proposed models to allow
the extrapolation of the presently available data to
smaller imuge diameters where the caleulations are made
such that the time-temperature history of the various
Image sizes is the same. ™

Most of "the models proposed to date consider a
uniform’ heat generator, instead of a heat generator
function more closely approximating Lambert-Beers
absorption. Although the uniform generator choice
Iends itself to easier computer mapping of the tem-
perature within the absorbing (generating) mediur, it
fails in the region of small diameter irradiations, as well
as for very short exposure times. An error of 309,
occurs when the uniform generator is used for the 10-u
diam, steady state case.

The purpose of this presentation is to give a simple
steady state {hermal model for the retina which, when
used with datu taken in the Inboratories at the Medieal
College of Virginia and elsewhere, gives values of the
temperature ri=c at the wradiated site which are con-
sistent with measurements and observations on other
biological svstems and allows the extrapolation of
presenthy available data to the more difficult to measure
smaller sizes,

llu .unhun are with the Medieal College of Virginia,
mond, Virginia 23219,

Received 23 July 1068,

Rich-

A(r, 6, x)

The Model

It has been shown® % that the melanin granules,
which are primarily responsible for the absorption of
light in the retina, are distributed in such a way as to
allow the examination of the absorption properties of
the pigment epithelium (P.J5.) and choroid separately.
If we consider that this distribution is such that these
layers each act as a uniform absorber, but with different
absorption coefficients, the simple model of Fig. 1 will
deseribe the absorbing media adequately. The uni-
form absorption, as a consequence of a larger fraction
of the total energy being absorbed in the inner sections
of the P.E. and choroid results in a lower temperature
at the hottest point than uniform generator models of
Vos® and Hansen el al.**  The power density remaining
in the beam as it penetrates the eye is shown in Fig. 2.
A uniform beam cross seetion is assumed for the model
in question, as it fits the data presently available.
A gaussian cross section will be considered in a subse-
quent paper.

Putting the model into the steady state heat equation:

VT = —A(r, 8, 2)/K,

where 7 = temperature (above ambient) K = thermal
conductivity; = heat  genecrator function =
= Ay = a0 0< 2L 0<r<b,
0 <6< 2r) =0 elsewhere; o = absorption coeffi-
cient; oo = surface power density; we obtain, for the
axial temperature,

T(x) = (aoo/2K)e 2
X /ee"-"[b2 + (z— 2 — |x — o | d.
0

This can be expanded in a series and integrated term
by term, and the ensuing series, with the proper sub-
stitution of Legendre polynomials,™ 3 will allow the
computation of off-uxial temperatures.  However, the
results obtained and presented here are for the on-uxis
case. The numerical integration has been: performed
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Fig. 1. Cross section of light absorbing medinm.
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Fig. 2. Intensity profile of the irradiating beam as it passes

through the eye.

by a modified trapezoidal rule technique.* The P. E.
and choroid were considered separately using thick-
nesses of 10 x and 100 u, respectively, with absorption
coefficients of 314 ecm™ and 45 em~'. These values
represent the average absorption cocflicients for the
retina and choroid for the spcetrum of the high pressure
xenon arc as modified by the Schott IXG-3 filter used to
obtain the data presented in Fig. 3. The absorption
coefficients for this intcgrated spectrum very closely
approximate those of the 632.8-nm helium-neon laser
wavelength and are obtained using the data of Geeraets
and Berrv.® The temperature map along the axis of
the cylinder irradiated was then made by a super-
position of the results. The relation of the spatial
parameters in the cylinder are shown in Fig. 4.

The tissuc eylinders are considered to have the
thermal characteristics of water

[K = 1.49 X 10~3(cal/cm sec)°C],
and the choroidal blood flow has been neglected.

Results

Using the machine solution” for various radii of
interest between 5 g and 1000 g, we obtain values which
are given in Table I, These values are for the randomly
selected rabbits from chinchilla gray and Dutch strains
used in the MCV laboratory, whose ocular speetral

* This Fortran program, called Hotspot Cheek, ix availuble from
the authors,
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density of 1 W/em? on the retina, axial position of the
hottest point, power density at the retina for a 10°C
temperature rise, and the total power entering the eve
which will eause a temperature rise of 10°C wre given.
Figure 3 illustrates the 10°C isotherm (column 4 of
Table I plotted against column 1). The choroidal
contribution ranges from 505¢ for a radius of 1000 u
to 16C¢ for a radius of 10 x.

Data taken for irreversible threshold lesions in this
laboratory are plotted in Fig. 3 and correspond to o
temperature rise in the retina of 9-10°C for.exposures

1000
o MCV
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Fig. 3. 10°C temperature rise isotherm.
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leltion of the spatial parameters uwsed :i|\ the
integration,

Fig. 4.
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Position” of
hottest point

Temperature rise?

Power enteving
eye for 10°C
temperatinre rise.

Power density
at the retina for
10°C! temperature

tadins (g) [FCWHem?) ] (n) rice (W/em?) (mW)
1000 4.15 10— 2,41 82,3
SO0 3.30 10— 3.03 66.2
MKW 2.03 94 4.93 42.1

400 " 1.60 94 6.25 34.1
250 0.3968 9 10.3 20.0
200 0.758 9- 13.2 18.0
150 0.550 S+ 18.2 . 14.0 -
100 0.345 8— 29.0 - 9.90
™ 0.247 7+ 40.5 7.78
30 0.152 7 65.8 5.62
25 0.064% 6 154 ' 3.29
12.5 0.0260 54+ 372 1.98
10.0 0.0201 5 498 1.70
5.0 0.007% 5 1282 1.09

a Spectral and spatial similarities between the human and rabbit retina make these calculations applicable to the human.

b As measured at the hottest point.
¢ Behind the anterior boundary of the pigment epithelium.

of several minutes. The establishment of equilibrium
for exposure durations of this length can be assumed
from the trends of the data and calculations (shown in
Ham et al., Ref. 3, Figs. Land 20, A plot of the data
of Allen et al.,® whose rabbit experiments with a white
light source closely parallel those of the MCYV labora-
tory, vields a temperature risc of 20-30°C. The dis-
crepancy is probably due to a difference in the physical

characteristics of the light sources used. ;

"Conclusions

Using the model presented, one can take the threshold
burn data available for continuous or long time irra-
diation and, based on the criterion used for the thres-
hold, establish an isotherm for the threshold case of the
particular speeies used as the subject. This isotherm
may then be extended to the difticult-to-observe very
small lesions, giving values for threshold energies well
below the range of sizes of observation which ean be
conveniently made in the laboratory. Changing
absorption parameters from one speeies to another will
allow the ealeulation of the threshold power needed to
produce the irreversible lesions in a second species.
Owing to the similarity in the speetral characteristies of
the human and rabbit eve, this extrapolation of species
is not given here. '
~ The temperature elevation of 0-10°C for threshold
burns is realistic but may be slizhtly on the low side.
Equivalent rescarch into skin burns®- shows that a
temperature rize of approximately 15°C is sullicient to
cause a blister to appear in 100 =ec.  This is a more
drastic alteration than the eriterin used for retinal
burns, which would more or less validate the 9-10°C
rise found for the data presented.

Finally, using the results presented in Fig. 3, and
the procedure described at the first of this =cction, a
worst case condition for thermal damage from 2 far
field light source ean be calevlated. This is the last

value given in Table T and indicates that a total of 1-2
m\V of visible white light or He-Ne laser light entering
the eye would be sufficient to cause irreversible damage
if focused on a 10-p worst case diamcter area,” for
exposure durations of 250 msee or more. Retinal
pigmentation variations between individuals would
give a small safety factor to persons with lightly
pigmented retinae, but would lower this value to
approximately 1 m\V for darker retinae.
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Imperial College of Science and Technology

APPLIED OPTICS SECTION

SUMMER SCHOOL

ON

APPLIED OPTICS

for nonspecialists

in optics
9-20 June 1969

The course will be given by various members of the staff of the Applied
Optics Section: R. F. Edgar, M. J. Kidger, K. H. Ruddock, R. W. Smith,
W. T. Welford, W. D. Wright and C. G. Wynne.

This is an introductory course of about thirty-six lectures, intended for
scientists and engineers who have had little or no specialised training in

applied optics.

Its emphasis will be on basic ideas rather than the detailed

development of formulae. The lectures have been revised as a result of

experience gained from previous summer schools. Lecture notes will be

circulated in advance. Topics to be cavered will include paraxial optics,

aberrations, coherent and incoherent image formation, design and testing

. of optical systems, visual perception, photometry, visible and infrared
sources and detectors.

The course fee is £35.0.0.
Further details and application forms may be obtained from

The Registrar
Imperial College,
London S.W.7., England
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A HUMIAN OBSERVE:

Donald C. Winter
Avco Electronics Division®
Cincinnali, Ohio

The characteristics of the human eye are well

known, and Modulation Transfer Functions are

old hat, but rarely are these two knowledges

combined to form an effective predictive tool for

the system designer. Here’s one good way

it can be done.

The most common ultimate de-
tector for an ®-O imaging sys-
tem is the human eyeball. Image
intensifiers may be cascaded into
TV camera tubes; scanners may

couple to elemental or arrayed

" detectors; but the final image de-

tection and interpretation usual-
ly relies on the old fashioned hu-
man eye. Thus, many engineer-
ing decisions on the system must
be predicted on the characteris-
tics of this ancient device. Of
course, the designer’s most pow-
erful tool for E-O systems anal-
ysis is the Modulation Transfer
Function (MTF). Unfortunately,
MTF data for the eye can not be
obtained without intercepting
the signal from eye to brain, but
mathematical services depicting
the detection threshold of the
eye as a function of scene
brightness, target contrast and
angular size, and observation
time can and have been pre-
pared for rudimentary targets
by a number of researchers.?!
Combined with MTF curves
for the rest of the system, these
detection curves can form the
basis of a field-of-view vs resolu-
tion trade-off, or can be used to
predict system performance un-
der a specific set of conditions
involving a siinple scene.

*Now with FElectro-Optical Systems,
Pasadena, CA

This article discusses how the
output of an 1maging system,
measured by its MTF, can be
matched to the observing abili-
ties of the human observer to
improve performance of the dis-
play/operator system; .eviews
development of the MTF for an

‘imaging system other than the .

eye; notes basic characteristics
of human observations; deals
with the problem of observing a
moving field of view (as in a
system for use in a high speed
aireraft) ; measures perfor-
mance of the human observer in
viewing the displayed image
with emphasis on discernibility
of small targets:; and uses that
measurement to derive the MTF
required for the remainder of
the imaging system for- best hu-
man observing.

The Modulation Transfer Function

The response of an imaging sys-

tem to a periodic object was de-
veloped in 1946 by Duffieux,?2
working with sinusoidal objects
in France, and independently by
Schade,? working with square
wave objects in the United
States. The relations between
the resulting sine wave and
square wave responses were
shown by Coltman+* "and by
Shack,? in two of the earliest
papers on the characteristics of
a general imaging system.

bl LT e e
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The term “Modulation Trans-
fer Function” was adopted in
1961 by the International Com-
mittee on Optics.b The Modula-
tion Transfer Function (MTF)
is the magnitude of the spatial
sine wave response of an optical
or electro-optical system. The
spatial sine wave response is the
ratio of the Fourier transforms

. of the spatial characteristics of

the image and object, in an exact
analog of the transfer function
used in communication theory.

The spatial characteristics of
a sine-wave or square wave ob-
ject are specified by its spatial

" frequency (the reciprocal of line-

pair width), and by its modula-
tion M (equivalent -to the Mi-
chelson visibility) 7: _

Lmax - Lmin

Lm;\x _I— Lmin . ’

Thus the MTF of an imaging
system is the ratio of the modu-
lation of the image to the modu-
lation of the object, point by
point over a spatial frequency
range from zero to some maxi-
mum.

Since a sinusoidal input to a
linear system always results in a
sinusoidal output, the output of
one imaging component can be
used directly as the input to the
next, and the overall MTF of an
imaging system is simply the
convolution of the MTF’s of the

M=

40 Approved For Release 2005/02/17 : CIA- RDP78B05171A000490020028:11, SYSTEMS DESIGN




individual components, be they

optical or electrical. .
The application of the MTF to
the problem of imaging a small

. object in a relatively large field

(as in aerial reconnaissance)
has beenn described by Kelly$
along with the effects of placing
two or three small targets close
togeéther, also discussed by Per-
rin.? These small targets must
be considered as short-duration
wideband inputs, rather than
long-duration high frequency in-
puts to the system.

The Human Observer

~ In an imaging system intended’

for human observation, the re-
sponse characteristics of the hu-

.man visual system must be in-

cluded in the performance speci-
fication. The sine wave response
characteristics of the visual sys-
tem have been investigated by
Lowry and DePalma,1® and
data on the discernibility of
small targets are given in Lux-
enberg and Kuehnll (p. 149).
The small target used is the
bright bar in a Landolt-ring
placed in an array of complete
circles. The actual target is,
thus, a single narrow bright
line.

Lowry and DeFalma use a
“contrast sensitivity,” which is
the same as the target modula-
tion M, while the contrast used
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Fig. 1. Visual acuity as a function of contrast for different background luminosities.
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Fig. 2. Threshold contrast versus baekground brightness at various exposure times.
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bnghtnesr (ﬁ;ffﬂrcnce neeued
for discernability increases
as baclground geis brighter.

in the small target data is

Loy —Lg
Ly

where: L; is the target lumi-
nance, and L; is the background
luminance.” (Luxemberg &
Kuehn, p. 106).
The minimum

C=

contrast at

. which the bright line can be de-

tected is called the threshold

« contrast. These two sets of data

cannot be directly compared.
The relations hetween contract
and modulation are:

___2M o C
C=—3r M= 24+C
if the bright line target is com-
pared with one line in the bar
chart target.

Even if these conversions are
used, a direct comparison proves
to be very difficult since Lowry
and DePalma data is taken at

constant average brightness,
Lmax + Lmin
2 ?

whereas the small target data is
for constant background bright-
ness. Only for small values of C
are these equivalent.

Since small targets, consisting
of perhaps two or three bright
lines, rather than extended bar
charts; are of major interest
when considering the most diffi-
cult detection situations for an
electro-optical imaging system,
only the Luxenberg and Kuehn
data will be considered further.
Samples curves from this data,
showing contrast versus visual

“angle at the eye for various

background luminances, are giv-
en in Fig. 1. These curves show
that the contrast which a target

must have, before it can be dis--

cerned against the backg‘gound,

42

decreases with increasing target
size and with increasing back-
ground luminance. This means
that larger targets can be seen
at a smaller contrast. However,
although the necessary contrast
decreases with increasing bacl-
ground luminance, the bright-
ness difference needed for dis-
cernibility actually increases as

. the background gets brighter.

The effect this has on the
“shades of grey” obtainable on a
CRT display will be discussed
later in this article. .

Integration Effects of the Eye

The fovea of the eye integrates
all the radiation it receives at
each point within a time interval
of about 0.1 sec. For images
which are present for a shorter
“exposure time” than this inte-
gration time, more contrast is
needed to achieve the same dis-
cernibility. By the Bunsen-Ros-
coe law,12 the visual response
for short time signals can be
characterized by the integral of
the luminance taken over (.1 sec.
Thus, the product of exposure
time and “threshold” contrast,
when the exposure time is less
than 0.1 sec., is a constam for a

‘given point on any curve in Fig.

1.

Effects of Moving Images -

In its original formulation, the
Bunsen-Roscoe law applied only
to stationary stimuli of short du-
ration. For consideration of
moving images the discernibility

of a continuous stimulus moving

across the retina must be deter-
mined. -

Morrig13 quoted Duntley as
saying that: “The effective du-
ration of the target stimulus is
the time interval required for
the image of the object to pass
over point on the retina of the
eye if the eye is held steady.”
Morris -also considered some
later experimental data and con-
cluded that- “Ground targets
moving with respect to the line-
of-sight can be equated to tar-
gets flashed into the center of
the field for a single brief ex-
posure, equal in duration to the
time required for the target to
move- across a point on the ret-
ina.” Thus the exposure time
presented by a particular target

. retina.

can be considered as the length
of time the target remains
imaged on any one point of the
When there is relative
motion between the displayed
target and the eye, the exposure
time is determined by the angu-
lar rate of motion and the tar-
get’s visual angle in the direc-
tion of motion as:

Exposure time, t, =

target angular size
angular rate

When this expression is used f01
exposure time, the Bunsen-Ros-
coe law can be assumed to apply
equally for the case of station-
ary flashing sources and moving

_ continuous sources.

- Exposure Time and Discernible

Contrast -

Examples of curves showing the
variation of threshold contrast.

with brightness and exposure -

time are given in Fig., 2. The
curves are obtained from Xig. 1
by using the Bunsen-Roscoe law.
If the threshold contrast for a
stationary target is 10%, say,
then the threshéld contrast for
an exposure time of 50 ms is
20%, for 25ms it is 40%, for 20
ms 50%, and so on. Such curves

- show, for example, that a target
- subtending 0.4 mr at the eye,

with an exposure time of 50 ms,
would need to be 200% brighter
than a background of brightness

0 fL (that is, the target bright-
ness would be 60 fL) in order to

be discernible to the eye. A tar-

get subtending 2.0 mr, however,
would need to be only 2.2%
brighter (20.44 fL), with the
same exposure time to be dis-
cernible against the same back-
ground.” These curves can be
used to determine the minimum

. discernible brightness difference

on the display, for a given target
size, exposure time, and back-
ground brightness, and the ap-
proximate total number of such
brightness steps available in a
displayed image.

Starting from the “black” lev-
el on the display, the threshold
contrast determines the mini-
mum discernible brightness
above this. Then, the next
brightness step (shade-of-
grey) is obtained by applying
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the threshold brightness for the
old level as background for the
new one. This procedure can be .
repeated until the maximum ob- . .
tainable display brightness is : : {
reached. The total number of
such steps for a particular tar-
get size and exposure time is
known as the “number of grey
steps” in the image. This term
has been the source of much con-
fusion in the past, and in partic-
ular the number for one special
case has gained wide acceptance
as a definition of the term. A
. sample curve showing the varia-
tion of discernible brightness
step with _ the background
brightness on the display, to-
gether with the total number of
steps in each case is shown in
Fig. 3. The total number of steps
is a function of target size and o e y T y I I \ ) - i
exposure time for a particular 0O 40 80 120 160 200 240 .l
display design. The curve shows . BACKGROUND BRIGHTNESS (fL)
that the nececgary increage in '
brightness for a target to be vis- : -
ible on a bright part of the dis- - _ -
play is much greater than for Fig. 3. Discernible brightness difference on display versus background brightness.‘
the same target to be vigible on a
dark part of the display. The . : ‘.
curves also show that the effect ' :
of reducing the contrast ratio
between the maximum and min-
imum brightness levels on the
display, due to such factors as
ambient illumination, is to elimi- . ‘
nate the part of the curve where R 09+ - : '
most of the brightness steps oc- .4 REQUIRED MTF :
. cur, since the minimum bright- : 0.8 : ;
ness level is increased while the . : '
maximum remains unchanged.
Then, since more steps occur in
the low brightness portion of the
curve, a small reduction in the
- overall contrast ratio will cause
‘a large reduction in the total
number of steps.
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Requ:red PATF for
Target Detection

The curves of threshold contrast
versus brightness given in Fig. 2
can be used to determine. the 0 T T 7 T T — : ]
_ MTF required of an imaging 04 08 L2 |6 20 24 28 32
system prior to the display in SIZE OF ONE RESOLUTION ELEMENT AT
order for targets subtending a . - OBSERVERS EYE (mr)
particular visual angle to be dis-
cerned in the display. :
A system with limited band- Fig. 4. Required imaging system response.
width will distort a rectangular ' ’
input pulse into a pulse having a
sinx

o ©
— n
] 1]

REQUIRED SQUARE-WAVE RESPONSE
o
o

shape?®. Then the targets

appearing on the display have a V
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The square wave response
can be easily converted into
required MTF by . ..

spatial brightness distribution
following the central peak of
this wave shape. The effect of
bringing two such targets into
close proximity, with a separa-
tion equivalent to the width of

the undistorted targets, is to ap- .

proximate to reasonable accu-
racy the response to a square
wave input to the system.? The
modulation. M of this square

‘wave response is obtained by

considering the peak of each
pulse to be L., and the din in
between the pulses as L. In
order to be easily usable in sys-

. tem design, this square wave re-

sponse can be converted to the
required system MTF by follow-
ing the method given by Colt-
man+ for conversion to sine

. wave response.

The curves of Fig. 2 are con-
verted to square wave response
curves by applying the conver-
sion between contrast and modu-
lation given in the discussion of
integration effects on the eye,
and assuming that mod lation
of the input to be unity. Exam-
ple curves of the required square
wave responses for target detec-
tion are given in Fig. 4 for a
range of target sizes, one value
of background brightness and
two exposure times. The same
curves converted to show re-
quired MTF for target detection
are also shown. These - curves
show, for instance, that in order

“ for a target subtending 0.8 mr

at the observer’s eye to be dis-
cerned against a background of
10 fL, if it is exposed for 10 ms,
the imaging system must have
an MTF of at least 22%:. at a spa-

tial frequency of 625 cycles/ra- -

dian, but in order for a 2.0 mr
target to be seen under the same
conditions, the system MTF at
250 cycles/radian would need to
be only 5.5% . These spatial fre-
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quencies are those scen by the
observer viewing the display,
and will not in general be the
same as the spatial frequencies
in object space. To obtain the
latter the system magnification
would have to be taken into ac-
count.

Use of the Required MTF Data

The curves of required MTF
versus target size at the eye can
be used to determine the best
compromise between the imag-
ing system magnification from
the sensor to the display, and the
scanner field-of-view which can
be usefully presented to the ob-
server. The eye response curves
are valid only over a limited field-
of-view at the eyes, which for
most purposes is the angle oc-
cupied by the fovea (within the
circle of rods), which is #=10° in
azimuth from the visual axis, and
+-7.5° in elevation. Thus the
useful sensor field-of-view is lim-
ited to that which, when dis-
played, occupies 20° azimuth X
15° elevation at the observer’s
eyes. As the system magnifica-
tion increases, the usable sensor
field-of-view decreases and thus
some comproruise magnification
giving just sufficient target dis-
cernibility must be used.

"The determination of the just
sufficient magnification is easily
accomplished using the required
MTTF curves. In order to take ac-
count of the worst case, the
curve for the brightness level
corresponding to display black
level should be used. The iniffal
value of system magnification is
chosen such that one sensor, yeso-
lution element occupies the mini-
mum usable visual angle at the
eye. For example, consider a
system on which this method has
been used in a theoretical study.
For this system the initial mag-
nification is 8. The system field-
of-view corresponding to this
magnification is 20°/8 —.2.5°
wide. The system MTF for such
a system has been calculated in a
theoretical study as 40%. This is
then compared with the required
value of 75% from Fig. 4. The
system MTF is evidently not
high enough. The magnification
is then increased to 9.6 (corre-

~sponding to a field-of-view of

.

e i Al ¢ ihee, s Bt e ot

2.0°), and the systeﬁx MTFE for

the revised system was calcu-

‘Jated as 39%:. The required MTF

{for this magnification is 52%.
Again magnification is increased
to 11.2 (I'OV = 1.8°) and the
MTF for this case was found to
be 38%, compared with a re-
quired MTF of 39%. Evidently,
the next increase will be sufli-
cient. At a magnification of 12.8
(FOV = 1.6°) the system MTF
was found to be 837% and the re-

quired MTF is only 32%. Thus,

at this magnification, the mini-
mum sized targets on the display
can be discerned by the eye. The
magnification is now at a suffi-
cient value for a good compro-
mise between traget discernibil-
ity and system field-of-view.

This procedure should prove .

useful in matchifig the perfor-

" mance of any imaging system to

the requirements of the human
observer. [}
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